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COMPREHENSIVE LAKE AND
WATERSHED MANAGEMENT PLAN -
BIG CHETAC , BIRCH, AND LITTLE

BIRCH LAKES

PREPARED FOR THEBIG CHETAC AND BIRCHLAKESASSOCIATION

INTRODUCTION

In the md-2 0 O Big Ghetac, Birch, and Little Birch lag&egeriencedevere algae blooms such that during the
summer of 2005, the Sawyer County Land and Water Conservation Department placed environmental hazard warr
signs on the lake due to the high{ghem algae concentrations. Deteriorating water quality conditibasystem

drove the Big Chetand Birch LakeAssociation (BEBLA) to pursue a series of Wisconsin Department of Natural
Resources (WDNR) Lake Management Planning Grants to complete sedomapn si ve 0Getting R
lake study. The goal of this studfich began in 2007 and was completed in\284Qp identify the contribng

factorsto the bluegreen algae bloarim Big Chetatake It included a comprehensive look at theigntttevels in

the system, their sources, and the impact they have. It included|akelezidy season cudgf pondwee(CLP)

and midsummer poinintercept(Pl) aquatic plant survey, groundwater and watershed assessment, septic systen
survey, and paleeecological study of the sediments in the lake to determine historical condéiens. result of

this study was a Comprehensive Lake Management Plarfdiiié)Big Chetac Lakeritten by Short, Elliot,
Hendrickson (SEH) IniRecommendations famproving water quality wepeesented to the BBLA and the

WDNR in June 2010.

That LMP wasreviewed and commented on bWBNR TechnichReview Team in September 2@i® then
adopted in part by thBCABLA in November 2010 based on recommendation tmadbe BCABLA Lake
Management Plan CommittBetween 2013 and 2015 several management actions were impléthenipgort

from a majority of BCABLA members and the WDNR (technical support and grant fuctlidig)g largecale
chemical management@IfPin Big Chetac Lakend an Alum Dosage Study Big Chetac Lakemplementation

of these management actions was not entirely supported however. |pp2@it&yroto management actions being
implemented surfaced from three local units of governnmmtt df Edgewater, Town of Birchwood, and the
Village of BirchwoadAdditional opposition was voiced by a few members of the community. Despite this opposition
management implementation continued through 2015

In 2015, the BCABLA Lake Management Plan Caeeentibmpleted an update of the 2010 plan and submitted their
efforts to the VWNR for review. The update higjnted what had been done between 2010 and 2015 and how it
impacted certain aspects of Big Chetac Lake including water quality, the fisheatiapthaig both native and
nortnative. The WDNR completed its review of the updated plan and put its determinations into a letter sent to th
BCABLA in January 2016.

The WDNR did not approve the rewrite, and did not support chemical managementrop@idbspfor 2016 made

by the BCABLA based on the 2015 update. Instead the WDNR suggested that money left in an existing grant be u:
to complete a much more involved public input and involvement project that would hopefully better define and
attempt to esolve conflicts that divided many stakeholders affectes dgntlition of Big Chetac, Birch, and Little

Birch lakesndthemanagement actions aimed at making improvemémesito
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In July 2016, Lake Education and Planning Services (LEAPS) wasdritiaand lech nearly twyear public
involvement campaign culminating in this docuneamsidered an update of the 2010 LktRl a plan for
implementing it.

This updated version referred to as 0 Gtompwateriqulityd , f
and aquatic plant data was collected on Birch Lake in 2017; new aquatic plant data was collected on Big Chetac L
water quality monitoring and aquatic plant survey results since 2010 have been reviewed; and various surveys
reports completed by the BCABLA, WDNR and other stakeholders have been reviewed. In addition, representative
from a majority of the stakeholder groups have been heavily involved in the discussion leading to this updated pl
and several opportunities werevjded for the general public to provide input and review.

The 2010 LMP was and continues to be a good resource for understanding how a lake works and identifying thc
things impacting Big Chetad to a lesser degree, Birch and Little Bikgls, bdt good and bad. This new Comp

Plan updates existing information, adds new information, and then sticks to the nuts and bolts of manageme
planning and implementation for all three lakes through at l&last 202

Portions ofthis Comp Plan will focus on ttiellowing: 1)public input gathered related to past, present, and future
management recommendatjor®d past management planning and implementation; 3) watershed and lake
characteristics; 4ipdated water quality and aquatic plant Batiisheries survesesults;6) Shoreland Habitat
Assessment; 7) aquatic invasive species; 8) aquatic plant management; 9) whole lake management; 10) ¢
objectives, and actions in this plan; and 11) a review of WDNR grant funding opportunities.
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PUBLIC PARTICIPATION AND STAKEHOLDER INPU T

PUBLIC INVOLVEMENT

In July 2016 LEAPRBegara public input campaign that incllidgerviews with government officials in the Town of
Edgewater, Town of Birchwood, and Village of Birchwood in an attempt to find out the souroceppiogigon to

previous and curre@LP management plans and other lake improvement dmiogsimplemented or considered

by the BCABLAIn addition to the government officiakssortowners on the lakes were contacted and asked if they
would participat in similar interviews. Those that responded were interviewed by LEAPS. Resort input was
considered necessary to get a better understanding of how one large group of identifiable lake users felt about
lakes and their satisfaction with many aspeittsrofincluding fishing and water quaRgsortowners whaverein

favor of andresortowners who werén opposition to what the BCABLA had been doing since \26de3
interviewed

Throughout the implementation of the 2010 Ltk BCABLA was providing orination to the public about its
management planning and implementation, and had been working closely with the WDNR. Nearly every docume
created through 2015 and related to the implementation of the 201GakNdBsted on the BCABLA webpage.
Public meetigs were held and paper surgegking input were distributed.

GOVERNMENT AND RESOR T OWNER INTERVIEWS

All board members (3 each) and Town Clerks of the Towns of Edgewater and Birchwood were initially contacted |
mail requesting a coe-one interview. Ae Village of Birchwood President, four trustees, and the Village Clerk were
also contacted by mail. A total of 10 resorts on the lakes were initially contacted by email, making a total of :
requests for interviews. Follow up calls and emails led hoeallTown of Edgewater Board Members being
interviewed; two Town of Birchwood Board Members being interviewed; and the Village of Birchwood President
Clerk, and one Trustee being interviewed. Eight of the 10 resorts contacted completed full intervenes. Gth

Red Cedar Spring Resort on the north end of Big Chetac Lake did not complete a full interview, but spent about :
minutes in person discussing his thoughts about the lake and the three years of CLP management that essentially
place right aside his doorway. A total of 18 interviews were completed between late July and early September 20:
Half were done in person amhe other half over the phone.

Interviews averad@about 90 minuteis length andvere conducted by LEAPS using a set edtipns developed by

LEAPS covering the following six topic areas: 1) Lake Use, 2) Fisheries and Wildlife, 3) Aquatic Plant and Aqua
Plant Management, 4) Water Quality and Water Quality Management, 5) Information and Monitoring, and €
Stakeholder Inveément and Discussion.

STAKEHOLDERS COMMITT EE

At the conclusion of the government and resort owner interviews it was clear that a mechanism was needed to ins
appropriate stakeholder involvement in management planning discuBsip@iietac, Birchnd Little Birch lakes

One stakeholder group in particular, including Birch and Little Birch lakes property owners, Villageaaf, Birchw
and the Town of Birchwooithdicated they felinderrepresented in the development of the EREDand the

B C A B L A tementatiompof it through 2015.

In December 2@ a group of stakeholders determined by LB#R&d orts interviews were invited to meet and
discuss the formation of a Stakeholders Committeanaaqplication for a WDNR Lake Management Planning
Grant b collect data from Birch, Little Birch, and Big Chetac lakes. The purpose of the Stakeholders Committee,
supported, would be to increase the level of public involvement and to providerdroatational atmosphere for
discussion among stakeholdersake placéuring the December 2016 meeting, it was agreed by participants that a
formal Stakeholders Committee should be formed andfolioeving stakeholder groupscluded:three
representatives from the BCABLA including two from Big Chakacanane from Birch Lakene representative
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each from the Towns of Edgewater and Birchwoddree Village of Birchwood; two resort ownense from Big

Chenc Lake and one from Birch Lake; and representative from the Red Cedar River Watershed and TMDL
Caalition. The Committee would be facilitated by LEAPS, with a representative from the WDNR also participating
Neither LEAPS nor the WDNR were considered voting members of the Committee. Committee meetings would b
held on a regular schedule (monthly @sdsrt was the conclusion of members that it was still needed).

LAKE MANAGEMENT PLAN NING GRANT PROJECT

During the December 28Hiscussion, LEAP&nd theBCABLA, proposed the preparation and application of a
WDNR largescaldakemanagementlanning granto support activitiem 2017 and 201t8at would address some

of the concerns brought forth during tihcldedgiohegann me nt
had several goals and objectives:

Collect water quality data from the pE®le in Birch Lake;

Collect water quality data from the inlet to Birch Lake from Big Chetac Lake and the outlet of Birch Lake to
downstream waters;

1 Cold and warm water whdéke, poinintercept, aquatic plant surveys in Birch and Little Birch lakess (ne
done before);

1 Repeat a warm water whialke, poinintercept, aquatic plant survey in Big Chetac Lake (last survey done in
2014);

Complete a Shoreland Habitat Assessment survey on all three lakes;
Design and implement a Resort Owners Fishing Suaosss S

And, provide additional financial support for Big Chetac, Birch, and Little Birch lakemagement
planning project.

1
1

= =4 =

Participantdn attendance at the December 2016 meagiragdhat the project defined in the grant application
would providesupportneeded tdurther management planning efforts. The grant application was submitted to the
WDNR bythe BCABLAIn December 201dnd was awarded in April 2017.

STAKEHOLDER COMMITTE E MEETINGS

Stakeholder Committee meetings officially began in Ja@uarnAgendas and minutes were assembled by LEAPS
and posted on the BCABLA webpagetotal of eighStakeholder Committee meetingse held in 2017, all at the
Birchwood Senior Centddates of the meetings and the topics discussed were as follows

(Jan.24, 201y 2010 Lake Management Plan

(Mar.2, 201y Agquatic Plant and Aquatic Plant Management

(Mar.30, 201y CLP Management in Other Lakes/Water Quality

(Apr.24, 201y Changes in Stakeholders Committee Makeup/Initial Goal Setting

=A =4 =8 =4

(Junl9, 201y Review of May Public Meeting/Goal Setting

(Jul.24, 201y Goal Setting

(Aug.14, 201y Goal Setting

(Sep25, 201y Review of August Public Meeting/Setting Management Objectives

=A =4 =8 =4

Minutes and agendas for all of these meetings are available on thé B&l##Ige atww.bcabla.com

PUBLIC MEETINGS

Three public meetings were held in 2017 specifically to share what the Stakeholders Committee had been discus
and to seek input from the general public. The firsingegas held on May 20, 2017 in the Birchwood School
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Commons and focused on the results of the government and resort owners interviews; formation of the Stakehold
Committee; preparation and award of a WDNR Lake Management Planning Grant; detdiks fasoubur
Stakeholder Committee meetings; arekercisenvolvingattendees at the meetinggoal settingctivity.

The second meeting was held in the small gym of the Birchwood Schools on August 29, 2017 and focused on ini
lake managementaisthat had been developed by the Stakeholder Comritieenitial set of goals covered
several areas of concern inclugvater quality in both lakes; the fishery; aquatic plants; best management practices
for reducing sediment and nutrient loadimg time lakes; tracking, monitoring, and management strategy; balanced
lake uses (fishing and other forms of recreation); invasive species; lake stewardship; communication and collabore
within the BCABLA and community; and implementation of a newPplllic input and feedback was solicited
through a participatory activity whereby people at the meeting could share their views and opinions.

After a review of the outcomes from the October medtigStakeholders Committeeisedhe initial goalsand

added objectivemnd actionso help meet the goals.third public meeting was held on October 28, 2018 at the
Birchwood School Commansll goals, objectives, and actions were placed on tables in large print format. At least
one Stakeholders Committeenniber was stationed at each goal ready to answer questions and take comments. Ii
addition to the public being asked to comment, they were given the opportunity to write on the table displays in al
way to get their points/questions/comments/changes adrbssresults of this activity were then used to put
together the goals, objectives, and adtiabsirancluded in this document.

In addition to the three public meetings, two additional meetings wepad@dVay and one October with the
Birchwood Area Chamber of Commerce.

BIG CHETAC AND BIRCH LAKES ASSOCIATION

The Big Chetac and Birch Lakes Associfitiafiour officer positions (President, Vice President, Treasurer, and
Secretary), three-latge directors, and the past president. As of2Dirfeit had approximately 138 members of
which about 20% were Birch Lake property owners. As of June 2017, only the President, past president, and two
large directopositiors on the board were filled. One of théasge directors term was to end ih&@&nd the past
president positiomroppedoff in 2018. One of the goals for the BCABi®ving forwardis to rebuild its
membership and to fill the vacant board positions.

The stated purpose of the BCABLA idthelakes depourees and ise ,
surroundings for the collective interests of its me
owns real estate (or resides for at least one month each year) on or within one mile of the latep Ndember
voluntary and current dues are $35.00 for an individual and $45.00 for a family.

The BCABLA functions by committee with the following standing committees:

1 Membership & Shall initiate a plan to recruit new members and offer suggestions todtio beemtion
of members.

1 Hospitality & shall provide refreshments at the annual meeting and, after receiving board approval, shal
organize and publicize other social events to be sponsored by the Association.

1 Finance 6 Shall recommend fusrdising actities to the board and after receiving board approval, shall
organize such activities. The Finance Committee shall also annually audit the financial records of tr
Association.

1 Land Use d May represent the Association at local public hearings and infahragetings relating to
zoning, sanitation codes, subdivision ordinances, pollution sources, and changes in land use which mic
affect water quality. The Committee shall offer proposals to the board regarding land use issues.

1 Boating 0 May represent th&ssociation at local public hearings and informational meetings relating to
water safety patrols, lake use ordinances, and obstacles to navigation. The Committee shall offer proposal:
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the board regarding water use issues.

Fishing, Water Quality, Weed ad Algae 6 May represent the Association at WDNR hearings and a local
meetings relating to-lake water quality, fish, and wildtiébitat water levels, control of nuisance plants,
and to the protection of desirable vegetation. The Committee shadraytesals to the board regarding
water quality monitoring, ecological management of the fishery, and a vegetation management plan.
Lake Management Plan Committeed Represented the Association in the development and approval of a
Comprehensive Lake Manmagat Plan in 2010 and again in 2015.

With a limited number of current and active board members, the functionality of the Committees is reduced. As th
new Lake Management Plan is implemented, the existing committees will be evaluated, modifigdahdetwssa
committees and committee structures (including goals) established.

The BCABLA maintains a webpagaatv.bcabla.conand a Facebook page at Big Chetac andLBikels Both
the BCABLA webpage and Facebpalge are in need of updatiipe BCABLA alsqublisies at least one
comprehensivaewsletter each yeand submits occasional news items thrtwgtBirchwood News (Birchwood
Schools).

During the June 2018 Annual Meeting, Mark Robinson, currentrnpresitdie BCABLA, put forth the following
draft list of priorities for the organization over the sieom:

1
1

T
1

Complete and publish the fiyear lake management plan based on stakeholder committee and public inputs.

Form a Fisheries committee and begin worka comprehensive Fisheries Management Plan with the
WDNR.

Identify candidates for BCABLA leadership positions and plasuiomaer/fallelection.

Request vol unteer omedi a speci adrigarsioz at © orhd&d p
wwwhbcabla.conurgent).

Form additional BCABLA committees as volunteers and leadership allow (Bylaws stipulate Membershij
Hospitality, Finance, Land use, Boating safety, Fistaber quality weed and algae, committees.)
Identify potential projects for 2018 (and forward) by member input.
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PAST MANAGEMENT PLAN NING AND IMPLEMENTAT ION IN BIG CHETAC,
BIRCH, AND LITTLE Bl RCH LAKES

PAST MANAGEMENT PLAN NING AND IMPLEMENTAT ION

As was previously mentioned, thiginalLMP for Big Chetad.akewas approved by the WDNR and BCABLA in

2010. Reducing the amountQifP, a noAnative aquatic invasive plant species, in Big Chetac kaieewd the

goals in the 2010MP. By doing so, it was thought that more beneficial native aqyetétior would return to the

lake, water quality may improve, and some navigation and nuisance vegetation issues would be reduced. Between
and 2013 the BCABLA Lake Management Plan Committee, made up of several BCABLA boardjatieenbers

the necessy information to submit an Aquatic Invasive Species Control of an Established Infestation (ACEI) grant
application to cover three years (Z1H) of CLP chemical control in aa@@e test plot in the north end of Big
Chetac Lake. The grant also pravifimmding for aquatic plant survey work before and after chemical treatment,
native plant rplanting, aquatic invasive species (AlS) education and monitoring, and monitoring of several measur
to identify if management succeeded in its goal of recugiaghount of CLP in the lake. The overall goal of the
project was to determine if control of established beds of CLP could increase the diversity, distribution and density
native vegetation, without causing harm to other aspects of a healthy lake.

In addition to the ACEI grant that was applied for and awarded, the BCABLA also appliedDiER dake
managemerglanninggrant in 2013 to complete an Alum Dosage and Modeling Btoays, 2013)his study was

also a recommenttan madein the 2010 LMP. Aluminum sulfate (alum) is one of the substances that can chemically
bond with phosphorus (a nutrient in excess in the lake) removing it from the water and locking it up in a manner th
cannot negatively impact the lake.

CLP MANAGEMENT IN THE NORT H BAY OF BIG CHETAC LAKE

The ACEI grant that was awarded in early 2013 provided funding for three years of CLP management in the Nor
basin of Big Chetac Lake. There wagal and writtelwpposition from local municipalities (Town afgBwater,

Town of Birchwood, and Village of Birchwood) to using chemical herbicides to manage CLP, however, the criter
required by the WDNR in order to be eligible and receive grant funding for the project was met by the BCABLA an
management planningsageemed satisfactory to move forward with the proposed treatment area in thaiNorth ba

In 2013, 90.8 acres in the Ndpdsinof Big Chetac Lake (Figure 1) were treated with Aquathol K at a concentration
of 1.5ppm. With the results of the treatméiméye was no doubt that the application of Aquathol K could reduce the
amount of CLP in the treated ara&fhile t did very effectively control CLP in the treated araéfeidtedCLP

control far outside the boundaries of the treated @rearly threeimes as much areand negatively impacted
several native aquatic plant species (Figure 1). The following is an excerpt from thetRGkBdrasPoint
intercept Aquatic Plant Survey Refderg M. , 2013)

0 Fol | eavay 28ty applitation of Aquathol K at a concentration of 1.5ppm, we returnedli®, 2@llake assésse 17
the effectiveness of the treatment. CLP showed a highly significant reduction in the north awétrsdlesdedsliness v
it was nearly completely eliminated. We found it at only two of the 416 survey points (0.5%), angl asafgtake was |
CLP plant. We also noted evidence of residual control of CLP throughout the north basio atilesdtavicstrebap df
the treatment area. Small pondweed (Potamogeton pusillus) and Coontail (Ceratophyllum demersumjnthe most «
the north bay prior to treatment demonstrated highly significarsteiecpoesiwseatiififiigeton zosteriformis) exhibited a
moderately significant decline. Conversely, Forked duckweed (Lemna trisulca) showed a highiyaigrédligaatancreast
moderately significant increase. 0
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Figure 1 Original 2013 90.8 acre CLP treatment area; 2008 CLP distribution; and 2014 CLP distribution

In 2014, the same-@@re area was treated again but only at a concentratieppon. i@ 2015, only 55 acres of the
original area was chemically treatedredwsed concentration of 1-ppm. In the several years following the 2013
treatment CLP density and distributiemained low in the treated area. Howeatre aquatic vegetation was slow

to recoverBased on results from the 2017 whaidte, summer, aguagitant pointintercept surveymost of the

native aquatic plants that had suffered significant declines after 2013 had started to come back, but were still not at
levels they were in 2008 prior to chemical treatDesgpite management results that thvatdya impacted a few

native aquatic plant species, oveasiNeaquatic plant species richrgsersity in the lakestayed higthroughout

the treatment yeangth most of the plant diversity occurring in the inlets near the numeeks®nteringhe lake.

The overall density of aquatic vegetation decreased after treatment and has remained lower when comparing 2
survey results with 2008 survey results.

Prior to the first CLP treatment in June 2013, the frequency of occurrence of CLP insed preghentarea was
88.5%. After three years of herbicide application-{&)18he frequency of occurrence of CLP was 13.0%. In 2016
only one year after the last treatment, it was back up to ZQ15%s the last year that CLP mapping was completed
in Big Chetac Lake.

In two control areas set up prior to actual treatment, and where no herbicide was applied, the frequency of occurrel
for CLP remained high from 2013 to 2017.

During this time frame, no management planning or implementation (faqOafc plants, or water quality) was
completed on Birch or Little Birch lakes.
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BIG CHETAC AND BIRCH LAKES WATERSHED CHARACTERISTICS

The Big Chetac, Birch, and Little Birch lakes watershed ismateubhed of the larger Red Cedar Lake Watershed,
anarea thaincludes the headwatef the Red Cedar Riv@rhe Red Cedar Lake Watersheders the adjoining

corners of Barron, Rusk, Sawyer, and Washburn cdéimie® 2) A small portion of the Lac Courte Oreilles
Indian Reservation lies within thel/=dar Lake Watershed north and west of Lake Chetac. Much of this watershed
is forested, with county forest land a large component of the watershed. The north central portion of the watershe
consists of glacial pitted outwash and contains numerous $angdl lake®ig Chetac and Birch Lake are located in

this area. The area is mostly forested, but some agricultural land exists northwest and southeast of Birch Lake.
southeastern part dig¢ watershed is in the rockylytarea known as the Blu#éldd The area consists of glacial end
moraines and ground moraine. It is underlain by quartzite bedrock andsismtdeand forested. There are few

lakes present in this area. The western portion of the watershed consists of end moraines aaithsakso cont
substantial number of lakes, the largest of which are Red Cedar, Hemlock, and Balsam. Most of the area is fores
though significant agricultural areas exist northeast and east of Red Cedar Lake, and southeast of Hemlock Lake.

Figure 2: Red Cedar Lakavatershed- LC11 (WDNR)

LAND USE

The Big Chetadirch, and Little Birch lakeabwatershed covers approximately 39,476 dwresdst majoritgf

which 73.4%is covered by forest latfeigure 3)No other land cover typwith the exception of the 10.1% of open
water, covarmore than 7% of the area (TableTheshores of Big Chetac and Birch Lakes are well developed, with
concentrated developmen&dgewater on the NW shore, in théagié of Birchwood alonige southwestettip of

the watersheldoundaryand near resorts.
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Figure 3: Big Chetac, Birch, and Little Birch lakeswatershed

Table 1: Land use in theBig Chetac, Birch, and Little Birch lakeswatershed

Cover Type lTotaI area (Acres) [% of Watershed
Open Water 3,996.7 10.1%
Wetlands 2,464.3 6.2%
Forest Land 28,984.2 73.4%
Grassland 589.3 1.5%
Pasture 1,684.9 4.3%
Crops 225.3 0.6%
Light

Development 1,488.0 3.8%
Heavy

Development 43.1 0.1%
Barren 1.1 0.0%
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SOILS

Soils are classified into four main hydrologic soil groups (A, B, C, and D) to indicate their potential for producin
runoff based off of the rate of infiltration. Group A soils have a high infiltration rate which makésntfe

amount of raoff very low. These soils agenerally very sandy and allow water to pass through unimpeded.
Conversely, group D soils have a very low infiltration rate making their runoff potential fairly high. Group D soils ar:
generally very dee with high amounts of organic material. This causes water to move slowly through group D soils
often resulting in standing water on flat surfaces and flowing water over sloped surfaces. Group D soils are gener
found within wetland areas, but they lsa problematic in areas that lack the hydrophitic vegetation found within
those areas.

There are also three sub groups (A/D, B/D, and C/D) these indicated the infiltration rate of the soils with respect to
the water table. If the water table is highlbdmeking infiltration, these soils are considered to have a high runoff
potential and placed into group D, but when the water table is lower, these soils are similar to the first grouping (A,
or C). Almost half of the soils within the Big Chetac and Bakes Watershed fall into either group C or C/D while

the rest are almost evenly split between A or A/D and B or B/D dable

Table 2: Soilgroups in the Big Chetac and Birch Lakesvatershed

Percentage of
Soil Group Watershed Infiltration Rate
A 15.8 High
B 14.9 Moderate
C 313 Slow
D g VerySlow
High when drained,
6.7 very slow when
A/D undrained
Moderate when
34 drained, very slow
8/D when undrained
Slow when drained,
18.4 very slow when
c/D undrained
Water 9.5 N/A

Over half of the area abovetevds considered to be poorly drained soils that fall into either group C or C/D. These
soils often are comprised of high amounts of organic material and/ or clay which makes precipitation more likely t
run off into a lake or stream than it would befitirate the ground. However, the soils surrounding Big Chetac and
Birch Lakes tend to fall into groups A, A/D, B, and B/D which all drain fairly well (8iglités can reduce the
amount of runoff that directly flows into the lakes.
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Figure 4: Soildrainageclasses in theBig Chetac, Birch, and Little Birch lakeswatershed

WETLANDS

A wetland is an area where water is at, near or above the land surface long enough to be capable of supporting aq
or hydrophytic vegetationdamvhich has soils indicative of wet conditions. Wetlands have many functions which
benefit the ecosystem surrounding Big Chetac and Birch Lakes. Wetlands with a higher floral diversity of nati
species support a greater variety of native plants andrarkkely to support regionally scarce plants and plant
communities. Wetlands provide fish and wildlife habitat for feeding, breeding, resting, nesting, escape cover, tra
corridors, spawning grounds for fish, and nurseries for mammals and waterfowl.

Waelands also provide flood protection within the landscape. Due to the dense vegetation and location within th
landscape, wetlands are important for retaining stormwater from rain and melting snow moving towards surfa
waters and retaining floodwater frosing streams. This flood protection minimizes impacts to downstream areas.
Wetlands provide water quality protection because wetland plants and soils have the capacity to store and fi
pollutants ranging from pesticides to animal wastes.

Wetlands ab provide shoreline protection to Big Chetac and Birch Lakes because shoreline wetlands act as buffe
between land and water. They protect against erosion by absorbing the force of waves and currents and by anchc
sediments. This shoreline protecimimportant in waterways where boat traffic, water current, and wave action
cause substantial damage to the shore. Wetlands also provide groundwater recharge and discharge by allowin
surface water to move into and out of the groundwater systerittefing tapacity of wetland plants and substrates
help protect groundwater quality. Wetlands can also stabilize and maintain stream flows, especially during dry mon
Aesthetics, recreation, education and science are also all services wetland¥gblavitie contain a unique
combination of terrestrial and aquatic life and physical and chemical processes.
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There is a good amount of wetland area within the Big Chetac and Birch Lakes Waters&pdT{keghighest
concentrations of wetland areas carfdund fairly close to Big Chetac and Birch Lakes These areas help trap
nutrients and sediments fronaking their way into the lakes.

Watershed Wetland Areas

Big Chetac and Birch Lakes, Washburn/ Sawyer
Counties ]
WDNR WBIC 2113300 & 2113000 bl e e
Data from: USGS National Land Cover Database

Bl Wetland Areas
[ Watershed Boundary

Lemingt

LA b o s/
o )
- [ =
e
S «-e N :5
* -),’—/ Meteor
) A ]
o \= v \_\
o )
CIR
4 5
/I
e e v
w {/
)
/4
> /J
"\\//
3 4 5 miles

Map dats ©2018 Google  Terme of Use

Figure 5: Wetlands in theBig Chetac, Birch, and Little Birch lakeswatershed

FORESTRY

Throudh an extensive review of land management impacts on water quality in North America, research complied |
the EPA it was determined that there is the potential for forestry operations to adversely affect water quality if be
management practices (BMPs)pmerly implemented. Sediment concentrations can increase due to accelerated
erosion; water temperatures can increase due to removal of over story riparian shade; slash and other organic d
can accumulate in water bodies, depleting dissolved oxggergaaic and inorganic chemical concentrations can
increase due to harvesting and fertilizer and pesticide applications. These potential increases in contaminants
usually proportional to the severity of site disturbance. Impacts of silviculturialtsonpce pollution depend on

site characteristics, climatic conditions, and the forest practices efffplmye& West, 2002)
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However, in general, if BMPs are properly designed and implemented, the adverse effacysaatifities on
hydrologic response, sediment delivery, stream temperature, dissolved oxygen, and concentrations of nutrients
pesticides can be minimized. The following specific management measures should be considered by all for
managers as thdgvelop comprehensive forest management plans. Planning of the timber harvest to ensure wate
quality protection will minimize nonpeswurce pollution and increase operational efficiency. Streamside
management areas of sufficient width and extentumial drecause they can greatly reduce pollutant delivery.
Identification and avoidance of high hazard areas can greatly reduce the risk of landslides and mass erosion. Ca
planning of roads and skid trails will reduce the amount of land disturbech bthéneby reducing erosion and
sedimentation. Proper design of drainage systems and stream crossings can prevent system destruction by stc
thereby preventing severe erosion, sedimentation, and channel scouring. Road system planning i®Bpeatical part
harvest planning. Good road location and design can greatly reduce the sources and transport of sediment. R
systems should generally be designed to minimize the number of road miles per acre, the size and number of land
the number of skidrdil miles, and the number of watercourse crossings, especially in sensitive watersheds. Timir
operations to take advantage of favorable seasons or conditions and avoiding wet seasons prone to severe erosic
spawning periods for fish reduce impactsvater quality and aquatic organisms. Drainage problems can be
minimized when locating roads by avoiding clay beds, seeps, springs, concave slopes, ravines, draws, and st
bottoms.

As previously mentioned, more than 75% of the watershed drainin@igp @fetac and Birch Lakes is forested,
which likely mearsome level of timber harvest and other forestry practices are occurring. According to Data USA, in
2017 Sawyer County forestry and agriculture made up 3.43% of the industry in the county withth&.65%
workforce in the countfpata USA, 2017Numbers are similar for Washburn County. Forest land owned by both
private parties and the counties are present in the watershed (Figure 6).
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Figure 6: Sawyer and Washburn County owned land adjacent to Big Chetac and Birch lakes

MINING

Metallic mining has been of minor importancgamyer Countyver the past century. Currently there are no active
metallic mineral mines in Sawyer CoNuy. metallic mineral resources include sand, gravel and aggregate deposits.
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Minerals extracted from Sawyer County are primarily used for construction Bapedes nometallic mining
permits in Sawyer Courtiyca 2010a total of 4&on-metallic mineare activedl of which produce sand and gravel
or stone product©nly one is listed as being in the Town of Edge{&daryer County Comprehensive Plan,.2010)

NATURAL HERITAGE INV ENTORY

The Natural Heritage Inventory (NH8)a dynamic database of species and natural communities that are of concern
around the State of Wisconsin. The Wisconsin natural heritage working list contains species known or suspected tc
rare in the state along with natural communities natives¢onain. This list was last updated on Ju|y2087. It
includes species legally designated as "endangered" or "threatened" as well as species in the advisory "special col
category. Species that fall u rack afforded bpecialoptoteatianawvtitinntree d 6
State while those that are considered Ospeci al con
because of the potential need for legal protection. In Washburn and Sawyer Counties, imhilcb eatite Big
Chetac and Birch Lakes Watershed, there are one endangered and three threatened mammal species, two endar
and four threatened bird species, five threatened fish species, one threatened reptile species, one endangered m
and oneendangered insect species (T@blén addition to these species that have legal protections there are also 27
animal species of special concern.

Table 3: NHI animal list

Scientific Name Common Name \WI statug Group
Cochlicopa morseana Appalachian Pillar SCIN Rare Aquatic and Terrestrial Sna
Agabetes acuductus A Water Scavenger Beetle  [SC/N Rare Beetles
Helophorus latipenis A Water Scavenger Beetle |SC/N Rare Beetles
Cicindela patruela patruela Northern Barrens Tiger BeetlgSC/N Rare Beetles
Botaurus lentiginosus American Bittern SC/M Rare Birds
Chlidonias niger Black Tern END Rare Birds
Setophaga cerulea Cerulean Warbler THR Rare Birds
Bucephala clangula Common Goldeneye SC/IM Rare Birds
Chordeiles minor Common Nighthawk SC/M  [Rare Birds
Oporornis agilis Connecticut Warbler SC/M Rare Birds
Setophaga kirtlandii Kirtland's Warbler END Rare Birds
Ammodramus leconteii Le Conte's Sparrow SC/M___ |Rare Birds
Accipiter gentilis Northern Goshawk SC/IM Rare Birds
Contopus cooperi Olive-sided Flycatcher SC/M  [Rare Birds
Buteo lineatus Red-shouldered Hawk THR Rare Birds
Falcipennis canadensis Spruce Grouse THR Rare Birds
Catharus ustulatus Swainson's Thrush SC/M __ |Rare Birds
Coturnicops noveboracensis Yellow Rail THR Rare Birds
Lycaena dione Gray Copper SCIN Rare Butterflies and Moths
Ophiogomphus anomalus Extra-striped Snaketail END Rare Dragonflies and Damselflie
Aeshna clepsydra Mottled Darner SCIN Rare Dragonflies and Damselflie|
Gomphus graslinellus Pronghorn Clubtail SC/IN Rare Dragonflies and Damselflie|
Ophiogomphus smithi Sioux (Sand) Snaketail SCIN Rare Dragonflies and Damselflie
Percina evides Gilt Darter THR Rare Fishes
Erimyzon sucetta Lake Chubsucker SCIN Rare Fishes
Acipenser fulvescens Lake Sturgeon SC/H Rare Fishes
Etheostoma microperca Least Darter SC/IN Rare Fishes
Lepomis megalotis Longear Sunfish THR Rare Fishes
Notropis nubilus Ozark Minnow THR Rare Fishes
Notropis anogenus Pugnose Shiner THR Rare Fishes
Moxostoma carinatum River Redhorse THR Rare Fishes
Martes americana American Marten END Rare Mammals
Eptesicus fuscus Big Brown Bat THR Rare Mammals
Poliocitellus franklinii Franklin's Ground Squirrel  |SC/IN Rare Mammals
Canis lupus Gray Wolf SC/FL |Rare Mammals
Myotis lucifugus Little Brown Bat THR Rare Mammals
Glaucomys sabrinus Northern Flying Squirrel SC/P Rare Mammals
Myotis septentrionalis Northern Long-eared Bat THR Rare Mammals
Sorex palustris Water Shrew SC/IN Rare Mammals
Napaeozapus insignis ‘Woodland Jumping Mouse  |SC/N Rare Mammals
Alasmidonta marginata Elktoe SC/P Rare Mussels and Clams
Cyclonaias tuberculata Purple Wartyback END Rare Mussels and Clams
Emydoidea blandingii Blanding's Turtle SC/P Rare Reptiles
Plestiodon septentrionalis Prairie Skink SC/H Rare Reptiles
Glyptemys insculpta Wood Turtle THR Rare Reptiles
Endangered Threatened Special Concern

Within Washburn and Sawyer Counties there are fougerethand six threatened plant species as well as 22 plant
species of special concern (Tdple
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Table 4: NHI plant list

Scientific Name Common Name WI statug Group

Littorella uniflora American Shoreweed SC Rare Plants
Crotalaria sagittalis Arrow-headed Rattle-box SC Rare Plants
Callitriche hermaphroditica |Autumnal Water-starwort SC Rare Plants
Sceptridium oneidense Blunt-lobe Grape-fern SC Rare Plants
Calypso bulbosa Calypso Orchid THR Rare Plants
Adlumia fungosa Climbing Fumitory SC Rare Plants
Sparganium glomeratum Clustered Bur-reed THR Rare Plants
Botrychium lunaria Common Moonwort END Rare Plants
Epilobium strictum Downy Willow-herb SC Rare Plants
Artemisia dracunculus Dragon Wormwood SC Rare Plants
Asclepias ovalifolia Dwarf Milkweed THR Rare Plants
Platanthera hookeri Hooker's Orchid SC Rare Plants
Leucophysalis grandiflora  |Large-flowered Ground-chern|SC Rare Plants
Botrychium mormo Little Goblin Moonwort END Rare Plants
Elatine triandra Longstem Water-wort SC Rare Plants
Tephroseris palustris Marsh Ragwort SC Rare Plants
Botrychium minganense Mingan's Moonwort SC Rare Plants
Boechera missouriensis Missouri Rock-cress SC Rare Plants
Vaccinium vitis-idaea Mountain Cranberry END Rare Plants
Utricularia resupinata Northeastern Bladderwort SC Rare Plants
Platanthera flava var. herbiolgPale Green Orchid THR Rare Plants
Artemisia frigida Prairie Sagebrush SC Rare Plants
Aplectrum hyemale Putty Root SC Rare Plants
Cypripedium arietinum Ram's-head Lady's-slipper |THR Rare Plants
Eleocharis robbinsii Robbins' Spike-rush SC Rare Plants
Amerorchis rotundifolia Round-leaved Orchis THR Rare Plants
Potamogeton bicupulatus Snail-seed Pondweed SC Rare Plants
Potamogeton pulcher Spotted Pondweed END Rare Plants
Galium brevipes Swamp Bedstraw SC Rare Plants
Schoenoplectus torreyi Torrey's Bulrush SC Rare Plants
Potamogeton vaseyi Vasey's Pondweed SC Rare Plants
Potamogeton diversifolius  |Water-thread Pondweed SC Rare Plants

Endangered

Threatened

Special Concern




LAKE CHARACTERISTICS

In order to effectively make management recommendations it is necessaeyatuaitythe conditions within the

area of conceriwVhile this plan generally foeson issues at the scale of the entire watershed, it is still important to
take stock of the baseline conditions of each lake, in order to be able to estimate how tamag gositively or
negatively impact them. For the purposes of establishing a lake inventory, Big Chetac Lake will be considered
lake, and Birch and Little Birch lakes will be considered one lake.

PHYSICAL CHARACTERISTICS 8 BIG CHETAC LAKE

Big Chedc Lake is a400acdrainage lake in southwestern Sa@genty. The average depth idtMlith a deepest

point of 26ft (Figure7). Water inputs for Big Chetac Lake come from several small, local tributaries, groundwater,
and precipitation. At the sbetn end of the lake, the water drains into Birch Lake forming the headwaters of the Red
Cedar River. In the most recent aquatic plant-ippémtept survey on Big Chetac, the bottom substrate was
documented at 533 of the 897 survey pdéiigare6 showshat he majority of substrate was muck (7 1v@#)xhe

remaining ars&overed in sand (21.6%) and rock (¥.1%
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Figure 7: Big Chetac Lakedepth andbottom substrate
PHYSICAL CHARACTERISTICS 6 BIRCH AND LITTLE BIR CH LAKES

Birch and Little Birch Lakes are drainage lakes downstream of Big Chetatt lsakerface area 888 acres. The

dam that holds back water Rig Chetac, Birch, and Little Birch lakesn Little Birch Lake. A maximum depth of

73ft is reached in Birdtake with Little Birch maxing out at abouft1l&he average depth between the two lakes is
241t (Figure8). In the 2017aquatic plant poisihtercept survey dBirch and Little Birch lakes, the bottom substrate
within the littoral (plant growing) zoofethe lake was mostly muck in the bays, followed by sand and rock along the
shore (Figur@).
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WATER QUALITY 6 BIG CHETAC LAKE

2008 PALECGECOLOGICAL SEDIMENT CORE STUDY

In 2008, a paleecological sediment core study was conducted on Big Chetac Lake. The purpose of sediment col
studies is to gain insight to what kindsooflitions existed within the lake prior to European development. Because
the sediments in the deeper portions of lakes remain relatively untouched by both people and natural factors, they
be analyzed in terms of what kinds of plant and algal reragmsnalr at various depths. This provides insight into
what types of nutrients and conditions were dominant at any given time up to roughly 300 years back. On Big Che
Lake, a 98m sediment core was taken fronft 26 water in the North Basin. A compgleliagnostic of the core was
completedGarrison & LaLiberte, 2010he core was dated to estimate historical dates and sedimentation rates, the
diatom (one of the most common, and ancient varieties of algae) communityyrexs tanassess changes in
nutrient levels, and geochemical elements were examined to determine the causes of changes inTiiater quality.
study came up with the following conclusions:

1 The mean sedimentation rate for the last 150 years in Lake CGhatsr Wee median measured in 52
Wisconsin lakes. This was partially because it is a modardtelgtelake and relatively shallow.

1 There were two episodic peaks in the sedimentation rate, around 1910 and 1940. The first peak was likely t
result thencreased water level from the dam flooding land along the lake shore. It is unclear what watershec
disturbance contributed to the 1940 peak.

1 Other than the short lived peaks around 1910 and 1940, the sedimentation rate for the last 150 years has
largely ben unchanged.

1 Phosphorus was the only element that exhibited significant changes in the last 150 years. Phosphorus
deposition rates have increased in the last 2 decades probably as a result of internal loading of phosphorus
from the sediments. Soil erosemd commerci&rtilizersdo not appear to be a significant source of the
elevated phosphorus deposition.

1 The diatom and blugreen algal communities indicate that phosphorus levels are naturally high in Lake
Chetac. Before the arrival of Europeanisanid1800s, algal blooms were common. Historical iphiasp
concentrations were-680g / L .

9 Phosphorus levels were at their highest levels in the period 1910 to 1980 although it is likely that intern
loading has resulted in higher summer phosphorusnt@tions in recent years that is not reflected in
either the diatom or bluegreen algal fossils.

MODERN WATER QUALITY

Water quality data has been collected, sporadically, on Big Chetac Lake since as early as 1995, but there is nof
consistent data uh2007. In 2007, volunteers began to collect water clarity (Secchi depth) measurements in th
Central andouth basins of Big Chetac and water chemistry data in o@ntre basin through the Citizen Lake
Monitoring Network (CLMN). In 2014, tidorth basin was added to the CLMN data for both Secchi depth and
water chemistry data collection.

Both the South and Central basins have similar water clarity with summer averages (July and Adgasi) of 2.84
2.95ft respectively based on multiple yeaGLOIN data. The North basin has only been regularly sampled since
2014, but has a summer water clarity average -&f drlar to the other two basins. All of these values are well
below average for the Central Georegion which was 9.6 feet in 2@difiomta being well below average, both the
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Central andsouth basins show similar downward tréadsvater claritgince 200{Figurel0. There is not enough
data to determine a trend for tterth basin

Average Summer (July-August) Secchi Average Summer (July- August)
Depth, South Basin Secchi Depth, Central Basin
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Figure 1Q Averagesummer Secchidepth in the Central and Souttbasins, 20072017 (two or more readings
in July and August)

Water chemistry data has been collected in the Central basin since 2007 and in the North basin since 2014. In
Central basin, the trenak ftotal phosphoru€lP) appears to be decreasing at a very slow pace. The sainirie

of the chlorophylA levels which appear to be increasing (Fidurgvhile thel'P levels are decreasing, the average
seasonamount found within the lake fallslvabove thdQug/L threshold for a stratified reservoir to be considered
impaired. Even the best yaathe last ten2009, showealverage seasonal [ERels that were high at 48.25ug/L. In

the worst yeasf the last ten2012TP levels during the sunemwere 101.25ug/bver five times the state threshold

for impaired waters. From 2007 to 2017 the aveeagenal P was 70.02ug/L. Historical water quality data from

the sediment core study has shown Big Chetac to be a naturally eutrophic systetoriwithhdsphorus
concentrations likely in the-68ug/L ranggGarrison & Laliberte, 2010) the average annual phosphorus could

be brought back to this level consistently, it is likely that water quality issues wepictalézx.
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Figure 11 Chlorophyll-a andtotal phosphorusannual averages in the Centrabasin using WisCALM
parameters 20072017
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WATER QUALITY & BIRCH LAKE

While the extent of water clarity and water quality data for Bkehd limited, there is volunteer data from the
CLMN program from 1998000, 2004, 2017, & 2018. Through the lake management planning grant awarded in
2017, additional water quality was collected from the Deep Hole in Birch Lake. The monthly alleoddlecfor a
Secchi Disk water clarity data is shown in Figure

Average Monthly Secchi Disk Readings of Water Clarity
on Birch Lake (1996-2000, 2004, 2017, 2018)
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0 I l I
¢ I
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Figure 12 Averagemonthly Secchidisk reading ofwater clarity from the Deep Hole in Birch Lake

Total phosphorugTP) and dlorophyHa (ChR) aremeasures thatricdoe used to estimate water quality in the lake.
Data is limited (Tab®, but with that data, a quick comparison can be lpeadeen Big Chetac and Birch lakes.
Table6 indicates that averages for TP ané@he less in Birch Lake than they are in ¢éimér& bainof Big Chetac
Lake. Also included in Tal@l@re the limits for TP and @hfor waters that are considered impaired by the State of
WI (TP) and th World Health Organizatid)€hlpA). Birch Lake does not exceed the impaired waters limit for
chlarophylta, only Big Chetac does.

Given that Birch Lake is a deep-ty stratified lake, it is expected that a strong thermocline would develop
separating the surface waters (epilimnion) from the bottom waters (hypolimnion). When this happens, th
hypolimmion usually goes anoxic (becomes devoid of dissolved oxygen) often times right up to the thermaocline. |
Birch Lake stratification begins in early June asdhiaatgh most of the summer and fall. As a result, there is the
potentialfor significant inteal loadingf phosphorugrom the bottom sediments into the water column. Figure
demonstrates the extent of stratification and the effects it has on temperatissoedbxygen(DO) in Birch

Lake
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Table 5: Total Phosphorusand Chlorophyll-a Data from the Deep Hole in Birch Lake

Birch Lake Water Quality Data - Total Phosphorus (TP), Chlorophyl a, and Bottom Waters Iron & TP

Parameter MG/L Date Location Storet #
PHOSPHORUS TOTAL 0.018 5/18/2004 9:00 BIRCH LAKE - DEEP HOLE| 583094
PHOSPHORUS TOTAL  0.023 8/3/2004 13:00 BIRCH LAKE - DEEP HOLE| 583094
PHOSPHORUS TOTAL 0.0518 7/30/2017 9:30 BIRCH LAKE - DEEP HOLE| 583094
PHOSPHORUS TOTAL 0.047 8/24/2017 11:00 BIRCH LAKE - DEEP HOLE| 583094
PHOSPHORUS TOTAL 0.0416 9/17/2017 9:30 BIRCH LAKE - DEEP HOLE| 583094

CHLOROPHYLL A 51.54 8/3/2004 13:00 BIRCH LAKE - DEEP HOLE| 583094
CHLOROPHYLL A 49.1 7/30/2017 9:30 BIRCH LAKE - DEEP HOLE| 583094
CHLOROPHYLL A 29.7 8/24/2017 11:00 BIRCH LAKE - DEEP HOLE| 583094
CHLOROPHYLL A 7.89 9/17/2017 9:30 BIRCH LAKE - DEEP HOLE| 583094
IRON TOTAL RECOVERABLE4.81 7/30/2017 10:00 BIRCH LAKE - DEEP HOLE - BO[T'B88094
IRON TOTAL RECOVERABLEL.25 8/24/2017 11:30 BIRCH LAKE - DEEP HOLE - BO[TE88094
IRON TOTAL RECOVERABLE 3.6 9/17/2017 10:00 BIRCH LAKE - DEEP HOLE - BO[TBE88094

PHOSPHORUS TOTAL  0.371 7/30/2017 10:00 BIRCH LAKE - DEEP HOLE - BO[I'B88094
PHOSPHORUS TOTAL 0.14 8/24/2017 11:30 BIRCH LAKE - DEEP HOLE - BO[T'B88094
PHOSPHORUS TOTAL  0.318 9/17/2017 10:00 BIRCH LAKE - DEEP HOLE - BO[T'B8B094

Table 6: Comparison of Total Phosphorus and Chlorophyt for both Big Chetac and Birch lakes with
recognized standards for impaired waters

TP (6/15-9/15); ChlA (7/15-9/15) TP (ppb) |Chlorophyll A (ppb
Big Chetac Lake - Central Basin (2007-2017) 79.79 73.45
Birch Lake - Deep Hole (2017) 46.8 28.9
WI State Standard - Impaired Waters 30 NA
Worlkd Heatlth Organization NA 30
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TEMPERATURE AND DISS OLVED OXYGEN

TEMPERATURE

Water temperature is an important measurement of lake health. It exerts a major influence on biological activity a
growth. Generally, the higher the water temperature is, the greater the biological activity there is in that water. Fi
insects, zooplankton, phytoplankton, and other aquatic species all have a preferred temperature range.
temperatures get too far abovéelow a preferred range, the number of individuals of a given species will decline,
and/or the species makeup of the water waterbody will change. Within the watershed of Big Chetac and Birch lal
different streams are classified as cold or warm veatmal&old water streams in the watershed are listed as Class 1
trout waters. Brook trout, native to WI, require the cold water in these streams to survive. Different land uses arout
and along these streams influence the temperature of the water.

Tempeature is also important because of its influence on water chemistry. The rate of chemical reactions gener:
increases at higher temperature. Water, particularly groundwater, with higher temperatures can dissolve more ming
from the rocks it is in andlill therefore have a highatectrical conductivity. It is the opposite when considering a
gas, such as oxygen, dissolved in the water. Warm water hadisisolesd oxygehan cool water, and may not
contain enough dissolved oxygen for the survidifferfent species of aquatic life. Some compounds are also more
toxic to aquatic life at higher temperatures.

The temperature of water is influenced by many things. The most obvious is seasonal changes in air temperat
Water temperatures will be coafethe spring and late fall than in the summer and early fall. Daily variations may
also occur, especially in the surface layers of the lake which are typically warmer during the day when the su
shining than they are at night. In deep lakes, sighikenperature differences from the surface to the bottom may
cause the water to separate into distinctly different layers, a process termed thermal stratificadrD(figigre 1

the open water season of lakes, energy from the sun warms the atefacbui may not be able to penetrate far

into the depths of the lake to warpttom waters. Cold water is moense than warm water, and as a result will

sink to the bottom of a lake during the warm water season. However, water has a uniqueapestyickispead

of continuing to get more dense as it gets colder, once it reaches the freezing point, ice forms which is less dense
floats at the surface. It is this property that maintains life in lakes even in the coldest winters, assumiag the wate
deep enough not to freeze all the way from the surface to the bottom.

Once thermal stratification occurs, it tends to persist until the air temperature cools again in fall. Because the lay
don't mix, they develop different physical and chemicatihistics. For example, dissolved oxygen concentration,
pH, nutrient concentrations, and species of aquatic life in the upper layer can be quite different from those in tt
lower layer. Thermal stratification can be disturbed by storm events, laoat estended periods of cold or warm

air temperatures. Shallow lakes may not stratify at all. Deep lakes will often stay in a stratified state welt into the co
seasons of late fall and winter when surface water temperatures may be cooled théyeapeitita same as the
bottom waters and the whole system gets mixed up again. This process is called overturn, and happens both in the
before ice forms and soon after the ice melts in the spring.

Because light penetration and the energy assodibtédieceases with depth in the water column, the sun can heat

a greater proportion of the water in a shallow lake than in a deep lake and so a shallow lake can warm up faster ar
a higher temperature. Lake temperature also is affected by the teizgearature of inflows (e.g., a stream during
snowmelt, or springs or a lowland creek) and by how quickly water flushes through the lake. Even a shallow lake r
remain cool if fed by a comparatively large, cold gitakenAcess, 2018)
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Thermal Stratification

Epilimnion - warm lighter water
Thermociine - prevents mixing
Hypolimnion - cool heavy water

Figure 14 Summer thermal stratification

DISSOLVED OXYGEN

A commonly measured lake or stream water param@@r e amount of DO in the water can tell a lot about
water quality, and is crucial for the orgargsmd<reatures living in ltike terrestrial animals, fish and other aquatic
organisms need oxygen to live. As water moves past their gills (or other breathing apparatus), microscopic bubble
oxygen gas in the water are transferred from the wateirtbldlod.Chemicaprocesses dictate thhis transfer is

efficient only above certain concentrations. In other words, oxygen can be present in the water, but at too low
concentration to sustain aquatic life. Most freshwater fish species, for exmingla concentration of at leadt 3

parts per million (ppm) of oxygen in the water to survive. Oxygen also is needed by the many chemical reactions t
are important to lake functioning.

Oxygen is produced during photosynthesis (where plants crhantdiaxide in the air and water to oxygen) and
consumed during respiration (breathing of living aquatic species) and decomposition (when dead plants and ot
things break down and decay). Because it requires light, photosynthesis occurs onlygthtitiogidayRespiration

and decomposition, on the other hand, occur 24 hours a day. This difference alone can account for large de
variations in DO concentrations. During the night, when photosynthesis cannot counterbalance the loss of oxyge
through repiration and decompositiddQ concentratiormay steadily decline. It is lowest just before dawn, when
photosynthesis resumes.

Other sources of oxygen include the air and inflowing streams. Oxygen concentrations are much higher in air, wh
is about 2% oxygen, than in water, which is a tiny fraction of 1 percent oxygen. Where the air and water meet, th
tremendous difference in concentration causes oxygen molecules in the air to dissolve into the water. More oxy
dissolves into water when wind stisswater; as the waves create more surfacgreesmore diffusion can occur.

As previously mentioned, cold water can hold more oxygen than warmer water. Warmer water becomes "saturat
more easily with oxygen. As water becomes warmer it canshalttllésss DO. So, during the summer months in

the warmer top portion of a lake, the total amount of oxygen present may be limited by temperature.

In natural environments, temperature and DO are not too much of a concern for aquatic life, sinedésthadanim
plants in the water have evolved to best survive in that environment. It is when the temperature of a water boc
changes, either by a natural event or by a Hochared event, that negative impacts may be caused. Just
downstream of the Big Chetaied Birch Lake system, both Balsam and Red Cedar lakes are listestoas two
fisheries, meaning the water in the deeper parts of the lakes is cold enough, and in the past, contained enough ox
to support cold water fish species like trout and whit8iich Lake is #8 deep and has plenty of cold water, but
water below 125 feet is basically devoid of oxygen from early June through the end of the open water seasor
eliminating any ability to support a cold water figkegyre B). The twastoryfishery in both Balsam and Red

Cedar lakes are suffering similar fates (cold water but not enough oxygen), enough so that in Red Cedar Lake,
destruction of the cold water fishery is one reason the lake is listed as impaired.
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CAUSES OF INCREASEDEMPERATURE IN LAKES

Parking lots and roads are exampléspdrvious surfaces that may be adjacent to a water body. Water runs off of
these surfaces into local lakes and streams insseaffiog into the ground as in natural environments. These and
similar stfaces act as "fast lanes" for rainfall to make its way into lakes and streams. Rain that falls on a parking
that has been baking in the sun all day during summer getseatgmbrand then runs off into waterbodies. This
heated water may cause imne@idverse conditions that can be a shock to aquatic life, or just contribute to the slow
warming of the water. Along with the heat, runoff from impervious surfaces adjacent to lakes and streams can cont
pollutants, such as sediment, leaking motdryditpcarbons from exhaust, leftover fertilizer, and normal trash. In
northern climates where winter snow and ice often require the use of road salt, elevated chloride levels in the we
can negatively impact plant growth and harm aquatic org&iustmé$ierron, & Green, 2012)

In lakes, the direct measurement of thermal pollution is not common. However, in running waters, like those strear
that bring water into the Chetac Chain of Lakes, the elevated temperature ofewatethemh can be a serious
problem for populations of cool or caldter fish already stressed from the other contaminants. Water temperature
fluctuations in streams may be further worsened by cutting down trees, which provide shade, and by absorbing m
heat from sunlight due to increased water turbidity. The same can be said for removing trees from the shoreline ©
lake during development.
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WATER BUDGET AND NUT RIENT LOADIN G 0 BIG CHETAC AND BIRCH LAKES

In order to determine where the nutrients wighiake are coming from, it is necessary to determine a water budget
for that lake. This involves determining how much is entering the lake versus how much is exiting it. Once a wat
budget has been developed, the source of nutrients, most importapthoptsoand nitrogen, can be determined.
During the 0Getting Ri d thatfstartechie 20@Beveral stadied veete €ondiidted tby [
determine the main sources of phosphorus within Big Cheta®ugkg. this study, water inputs ta Blhetac

Lake included local tributaries, precipitation, and groundwater flow. Water going out included that which goes o
through Birch Lake and over the dam, ground water exiting the lake, and evaporation. Residence time is a measul
how long wateraming into a lake remains before going out again. Residence time for Big Chetac Lake is estimated
be about four yearResidence time differs from lake to lake based on volume and flow through, and changes witf
rainfall and drought conditions. Generddiyger lake residence times mean a higheupuwilthutrients due to less
flushing (moving water througMore water flushing through a lake systesnhave a cleansing effect on the given

lake With this data, it was estimated that aB@®4lbs ofphosphorus were in Big Chetac

These studies have not been conducted on BirchHmkever, between 2017 and 2019 total phosphorus data was
collected at the inlet (Co. F Bridge), outlet (Co. D Culvert), and at the Deep Hole in the lake. Samidieg at the
hole included surface water samples, bottom water samples, and water column samples. Flow data was also colls
from the inlet and outlet of Birch Lake. Based on this information, the estimated amount of phosphorus enterin
Birch Lake from Big Clee Lake is approximately 1,266 annuallyOver the same time period, 4G8 of
phosphorus are leaving Birch Lake. The total phosphorus load in Birchs eilewated to be around 3;8&3
indicating that Birch Lake acts as a sink for phosphorusgciomai the lake. Internal loading in Birch Lake has not
been quantifiedhile the main source of water into Birch Lake is the inlet from Big Chetac Lake, it cannot be
assumed that this is the main source of the nutrient loading into Birch Lake. Tiearg atieer varialdéhat need

to be considered befaiecompletautrient budget for BincLake can be calculated.

NUTRIENT LOADING IN BIG CHETAC LAKE

During the 20080 Getting Rid of the Green studigpgphorous loading from the following sources guenetified:;
atmospheric deposition, groundwater flow, tributary loading, near shore contributions, septic sydeahs, curly
pondweed decay, and internal recyéliggrel5 shows the breakdown for phosphorous loading from these sources
These numberserd to be updated but provide at least a place to start in determining what needs to be done t
maintaina desired level of water quality.total, the amount of phosphorus entering the lake was estimated at
approximately 11, 748&s.
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Figure 15 Total Phosphorus Loading into Big Chetac Lake

Recycling of existing phosphorous from the sediments at the bottom of the lake accounts for approximately 69% |
the total phosphorous loading to the lake. A lack of oxygen caused by diecdyamgl animal material in the
bottom of the lake and high pH levels in the water column lead to an internal release of phosphorous stored in t
bottom sediments. A long lake residence time (3 to 4 years for Big Chetac Lake) increases the apbarduw pho
thatsettles into the bottom sediments instead of being flushed from the system. The phosphorus from the sediment
then distributed or feuspended throughout the lake by natural processes including turnover, chemical reaction:
facilitated by &ck of oxygerand high pH values, and waves caused by the wind; and human induced disturbance:
including waves and disturbances to the bottom by boat traffic. Phosphorous release rates from the sedimel
calculated in 2007 by the USnrCorp of Enginesrwere as high as 19.1 mgday under high pH and anoxic
conditions. Total days without oxygen in the bottom waters ranged from 5 days a year in the south basin to as mt
as 90 days a year in the north basin.

The next largest source of phosphorousgddBietac Lakis the annual senescence of @L.P5%(based on 2008

CLP abundance) According to data reported on in the 20
phosphorous is the most significant element that has increased in dé@asiignpn & Laliberte, 2010h this

same time period, organic matter and caltawealso increased but not as dramatid¢@llyas been suggested that

this could be from increased internal recycling of phosphorous existingetintemts(Garrison & Laliberte,

2010) What caused greater levels of phosphorous in the sedimentsittrbeuced into the lake during this time

frame is not completely known, but could be related to the introductiorseqgusnt takeover of the early season
plant community bZLP. Whil e it i s not known what | levelg ih 2008f CL
exceeded 6Qdcres or approximately 25% tod entire lake surfadacreased levels of CLP since thé®1®& c o ul
also explain the increased levels of calcium and organic matter noted in-¢oelpgies reporCLP will often

have CaC®encrustations on iVaisel, Oerteli, & Stan@990)reported encrustations reimchup to 80% of the

total CLP leaf dry weight. These encrustations were also reported to contain large amounts of fAdisplgrous

1981) CLP completes its life cycle and begins senescence in the early summer étribdlsgtrbettom waters in

Big Chetac Lake start becoming anoxic. Whether this new decay causes the rapid decline in oxygen, or me
aggravates it is unclear. As was stated before, 15% or more of the total annual phosphorous load lrakéy Chetac
couldbe coming from CLP.
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LAKE SYSTEM FLUSHING AND WATER QUALITY

As was indicated in the 20LMP for Big Chetac Lake, increasing the flushing rate of the lake can make
improvements in water qualityhe flushing rate of a lake is related to its retentionTthredonger water stays in a
system, the more opportunity there is for the phosphorous in that water to settle out into the bottom sediments or t
be utilized for growing algae. One researcher suggested thetdriuglgal dominance is never observiettdn

where hydraulic retention time is shorter than five days, even though such lakes can have very high nutrie
concentrationéScheffer, 1998Flushing a lake with relatively clean water can decrease nutrient lexartsveashe

out certain slowgrowing algal groups. Often there is a noticeable reduction in algae following a large rain event as tl
retention time in the lake is shortened by the added runoff.

As also indicated in the 201MP, there were no good waysrtorease the flushing of the system except to hope
significant rain events would happen frequently enough to provide some benefit. Water quality in the system has b
better in the last few years then it was in previous years as indicated CLMN tyadetajoallected by volunteers.

One of the objectives during the development of this new plan was to determine a reasonable water quality goal
aim for when implementing the actions in the plan. Preliminary goals were first solicited from theydostitgen
in-person or phone interviews, and through stakeholder group discussion. What came from that discussion was the
the water quality in the lakes could be what it was in 2016 and 2017 (even 2015) then many folks would be satist
Back in 200Avh e n t h@ettingRid dftheGF e 6n 6 st udy wa s initheBig ChethceCthiain wa 't
was much worse than it is now.

To come up with a value to have as a goal, water quality data from 2007 to 2017 was looked at to determine the |
and worst yeargTable 7) As expected two of the best years for water quality as measured by the amount of
phosphorus, were 2016 & 2017. When looking for an explanation as to why these two years were considered the |
years outf ten, one only needed t@koat the seasonal rainfall records for the Birchwood area. From 2011 to 2014,
total seasonal rainfall (Mar@hOctober) averaged 13.65 inchesrecorded at the Rice Lake Regional Airport
(https:// www.wunderground.com/history/montHast accessed 8/6/2018Jhese years in turn were some of the
worst in the last ten for water quality. From 2015 to 201Zdasainal rainfall averaged 26.41 iichbke 8)nearly

doubling the amount of rainféllishing out the Big Chetac and Biaidtes system which was reflected in these years
being some of the best years in the last ten. It seems safe to assume that if seasonal rainfall stays high (>20 inch
will only benefit the entire system. If seals@infall drops back to <20 inches water quality in the system will again
suffer.

The average phosphorus concentration in Big Chetac Lake during the wet years, which were also the best year:
water qualitywas approximately $pb. The average phbspus concentration during tey years was about-83

ppb. If the constituency was satisfied with water quality in the lake during the wet years, then the goal in the dry ye
should be to get to that level. Improving conditions in theedrgwill likdy improvewater qualityn the wet years

as well The difference between the wet and dry pleasphorus concentrations is@®. This concentration
equates to approximatljt09bs of phosphorus in the lake, or about 18% of the total load {hk)748

With this data, a goal of-ppb of phosphorus was set for Big Chetac Lake. What follows is a discussion of how to
reach that goal.
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Table 7: TP values for the Centrabasin in Big Chetac Lake, 2002017 (five best years are tie)

Big Chetac Total Phosphorus (ppb) Central Basin

Year | Average Min Max | Range (max-min)|Best Year (Ave) | Best Year (Range) | Best Year (High) | Ave Ranking | Ranking
2017 50.75 25 819 56.9 2 2 1 1.67 1
2016 58.8 28.2 88.5 60.3 4 3 3 3.33 3
2015 71.35 40.7 117 76.3 8 5 6 6.33 6
2014 69,82 32.4 130 97.6 7 7 7 7.00 7
2013 96.95 45.1 155 110.0 10 9 9 9.33 9
2012 101.25 50 184 134 11 10 11 10.67 11
2011 66 35 136 101 6 8 8 7.33 8
2010 60.5 30 85 55 5 1 2 2.67 2
2009 48,25 21 98 77 1 6 5 4.00 5
2008 53,75 30 94 64 3 4 4 3.67 4
2007 92.75 33 175 142 9 11 10 10.00 10

Table 8 Monthly rainfall 2008, 2022017

Monthly Rainfall (Inches) Rice Lake Regional Airport - Weather Underground

2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 |Averagq
March 0.34 0.74 0.7 0.89 0.61 0.25 1.84 0.73 0.76
April 2.74 2.03 1.97 2.69 2.89 1.48 1.8 2.26 2.23
May 1.59 1.9 3.32 3.41 4.81 3.96 4.62 5.99 3.70
June 5.02 Data Not| Data Nof 0.15 1.73 2.66 1.94 2.67 3.95 4.2 2.79
July 2.35AvailablgAvailablg 1.99 2.29 0.22 0.68 5.73 4.17 2.1 2.44
August 0.92 3.36 1.24 0.05 1.72 3.78 5.03 6.52 2.83
September 2.91 1.13 0.56 1.99 0.04 5.17 3.55 1.63 2.12
October 1.25 0.39 1.65 4.31 0.56 2.51 1.75 3.5 1.99
Total 17.17 1170 1344 1619 1324 2559 2674 2693  18.87

CONTROLLING OR REDUC ING EXTERNAL NUTRIENT INPUTS

External inputs of phosphorous to the Big Chatakt Birch lakemclude sources that can and cannot be readily
managediFrom the2010 LMPonly 16% of the total phosphoromsBig Chetac Lakis coming from external
sources, the rest is coming from internal loading and from CLP as it decays in the system. External sources meas
include tle atmosphere, groundwater, sigaire conibutions (including septic systems), and contributions through
surface water runoff from the larger watershed. Little can be done to reduce the amount of phosphorous carried in
groundwater or blown over and carried into the lake by wind and pregifntatiphosphorus loading from the
nearshore area and larger watershed can be reduced.

BEST MANAGEMENTPRAC | CES ( B MP &/BTERSHED THATEREDUE PHOSPHOROUS
LOADING

Thewatershed oBig Cheta@and Birch lakeis mostly in a natural stafelittle moe than 81% of the watershed is

made up of forests, wetlands, and grasslands. Agriculture (pasture and row crops) make up and additional °
Agricultural practices in a watershed are often a significaret &w phosphorous in a lake. STEPL modeling was
used to estimate a percent of decrease if certain BMPs were implemented. The total amount of phosphor
contributed by the agricultural land was calculated to be aboiiv2, #55000% of the cropland was converted to
conservation tillage, cover cropsgld, and/or retired; and 25% of the pasture was converted to grassed buffers
phosphorus loading could be reduced by B3®@l(s). If only 50% of the cropland was converted the reduction in
phosphorus would be about 192%lbs). Additional practicecindinglivestock feeding and manure management
strategiesould furthereducephosphorous loading
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More than 2% of the watershed is still in a forested stateeof this is Sawyer County Forestry land. A conscious
effort should be made to preservetgxrt, and enhance these properties and to preserve additional property through
conservation easements, environmental land trusts, and the Wisconsin Stewardship Program. When logging is dor
the watershed, theCBBLA and their partnershould be @ivdy workingto insure logging practices minimize
disturbance and protect near shore buffers along lakes and streams.

BMP6S | N THEDDNEAR EHOBP AREA HAT REDUCE PHOSPHORWMS LOADING

The total phosphorus input from the nearshore amRm @hetac anBirch lakess estimated at less than 5% of the

total load Septic systems at most contribute another 2.0%. When compared to the other sources of ptosphorous
the lakesthesevalue arevery low However using a different scale for measurentieatamant of phosphorous

per acrecontributedby the neahore area is about GIB§ more than twice what is contributed by the larger
watershed per acre(at5lbs This, plus the idea that nearly every property owner on the lake could do something to
help educe phosphorous loading likely at little cost, make it worth doing.

Recent land use digitizing of a-80fbne around both Big Chetac and Biaktes identified more than &S of

lawn and 6&cof impervious surfaces. Using the WDNR WIiLMS modeliegiseise areas contribdiis2.3lbs or

75% of phosphorus loading attributed to the nearshore area. If half of the lawn was converted to a natural sta
phosphorus loading could be reduceti®y% Additional phosphorus loading from the nearshore @ress ¢rom

the septic system or onsite wastewater systems. Results from a septic system survey completed by Sawyer Cou
2008 indicated that about 468 of phosphorus were contributed to the lake anr@athgntly, about 11% (99 out

of 880) of thernidividual landowner parcels on the lakes are undeveloped. Minimizing further development of thes
areas would prevent additional phosphorus from being added to the lake.

Together, phosphorus reductions gained by implementing BMPs in the nearshor¢harEagerdvatershed may

seem of little value. At most, these changes could generate a little more than 20% of the required reduction
phosphorus loading needed to rethehdesignated godalowever, many of the issues thatise alincreasean
phosphous loading from the nearshore aed watershedan be addresség property owners and users of the
landBy restoring disturbed shorelines, | elake and gtrealnn 0 n
edgesusing no fertilizer or phosphosotree fertilizers, diverting runoff form hard surfaces and rooftops, preventing
shoreland erosion, and maintaining septic systems in properly working order, kuspbtaiops per acre of the
neashore area can be redudegg.incorporating no till another conservation tillage practices, installing grassed
waterways, maintaining buffers along lakes, streams and wetlands, planning cover crops to augment nutrient ne
following appropriate manure spreading guidelines, and making improvementstsoafesdddonyards, and other
agricultural BMPs the load from these lands can be reflostaf thae activitiesan easily be implementad

property ownerand users of the lamd relatively low costs. Making sure all septic systems are functioeithg prop

will also minimize phosphorus loading to the lake. Protecting undeveloped portions of the nearshore area wou
prevent loading from this area from increasititg future

CONTRIBUTIONS OF TOT AL PHOSPHORUS FROM CURLY-LEAF PONDWEED IN BIG
CHETAC AND BIRCH LAKES

In the spring and early summer 2008 CLP was present across niht thiatne surface area and more than 66%

of the littoral zone of Big Chetac LgBerg M. , 2008CLP grows early and quickly often beingestiblished

even before the winter ice goes out of the lake. It has dense growth patterns that create large masses of vegetatior
can interfere with lake recreational uses and shade out other plant growth. However, the life cycle of this pls
typicaly concludes in late June or early July. The large masses of vegetation die and senesce quickly and then
disappear from the water column in a very short period of time.

Decaying CLP and other vegetation rele&=pliporous into the lake wafBne phosphorous content of the CLP

from Big Chetac Lake in 2007 was measured at 0.26% by the(Rta&€Rr, 2008psed on plant samples from 10
different sites. The median CLP biomass was calculated to be 245 g/m2. Based ohGltPacevering 620 acres
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(Berg M. , 2008he total phosphorous mass potentially released from CLP in Big [Giket is estimated at 3;522
Ibs or 306 of the total phosphorous load.

The total phosphorous mass value cartg by CLP from the previous paragraph assumes that 100% of the
phosphorous contained in the CLP will go directly into the water column. This is probably not the case. Naturall
senescing CLP generally settles to the lake bottom where a substantialf phetidecomposition occurs. This

would likely result in some of the phosphorous released by CLP being immediately captured in the sedimel
Filamentous algae present in the area where CLP is decaying and periphyton on the remaining plant commur
wouldlikely use up some of the phosphorous released from the CLRReagtdr, 2008Fonditions in Big Chetac

Lake would seem to support this assumption. The 2008 Big Chetac Lake CLP Survey completed in June and late
of 2008(Berg M. , 2008)dicated that a large amount of living CLP was still visible in late July, and that rake sample:
taken from the bottom still contained a lot of CLP detritus. A better value to consider for Big CheligbitLiade

50% of the potential phosphorous released from the CLP making it to the water column. If this is the case, then CL
contributed around 178ds or 15% of the total phosphorous load based on 2008 CLP coverage in the lake.

This value is based oBO6acres of CLP, so if the amount of surface matting CLP is less than 620 acres in any givel
year, the amount of phosphorous released into the water column from decaying CLP will also be less. If there wi
only 465 acres of CLP in the l&ka reduction ©25% then it is also reasonable to assume that the amount of
phosphorus released will also be reduced by 25%. If the total phosphorus contributed by CLAbwagth,Ba0

acres of CLP, it would be only 1;8#)with 310 acresa difference of 44ks. Added to the 6dBs from
agricultural BMPs and -B% from the nearshore area, a 52% reduction in phosphorus loading has Wccurred.
additional CLPwere harvested (or chemically treated with stakeholder approval) that would reduce phosphorus
loading @en more.

During a 2017 coldater, poinintercept aquatic plant survey completed by the WDNR, about 63 additional acres of
CLP were identified in Birch Lake which would add anothdbsl @® phosphorus using the calculation from Big
Chetac Lake. A 508éduction in CLP in Birch Lakewd reduce the load by anothe#t90

INTERNAL LOADING IN BIG CHETAC AND BIRCH LAKES

Algae growth in Big Chetac and Birch Lakes is fueled by excess phosphorus.LMie indidated that internal

loading of phosphorus é&hportion of the total phosphorus load already in the sediments at the bottom of the lake)
was the main source (67%) of available phosphorus for algae growth in Big Chetac Lake. Big Chetac Lake is a |
and shallow lake with a long maximum fetch (dzeddrd a kswrféce over which the wind blows in an essentially
constant direction, thus generating waves) along assotittvest to northnorthreast axis makes it highly
susceptible to mixindames, 2013)his particutacharacteristic of the lake contributes a great dbalamount of

internal loading that occurs in the lake. Mixing in a lake occurs when phosphorus rich waters at the bottom of the la
(hypolimnion) get mixed into waters near the surface of thepékeanion). The movement of this phosphorus
from the hypolimnion to the epilimnion is termed 0
Index as a means to estimate the probability of partial or complete mixing of lakes dunirgisum(@sgood,

1988) The Osgood Index itself is a ratio of the mean depth over the square root of the surface area. Researchers v
proposed the Osgood Index suggested that lakes with an Osgood Index <6 would be lpélsysn(ieties that mix

several times during the season) or have surface waters (epilimnia) strongly influenced by theergottom wa
(hypolimnia) Lakes with large surface areas relative to their depths may be more suscefitidl® tvasesport

TheOsgood Index for Big Chetac Lake is onlyJaes, 2013nd it has been shown that Big Chetac has multiple
mixing events in a given y&aollected data in the North, Central and South basins of the lake indicate periods of
hypolimnetic anoxia (low or no dissolved oxygen in the bottom waters) due to stratification. Stratification is when lal
water develops warmer, oxygeh water near the surface and colder oxygen poor waters near the bottom separated
by a thermometric b@er known as the thermoclirigeriods of stratification were generally longest in the North
basin beginning in early June and lasting through September except during periods of vertical P transpc
Stratification occurred much more sporadically ineéh&aC and South basins of Big Chetac, usually not starting
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until late June. The longer these periods of stratification last, the more phosphorus builds up in the bottom waters.
stratification is disturbed due to wamtl waves or by heavy boat uesical P transport increases introducing more
of the bottom waters to surface waters where the phosphorus is rapidly used to grow more algae.

Al t hough the studies completed back in the Imaree 20
recent data suggests the Birch Lake stratifies very early in the seast8iftatelegt remains stratified all the way

into September when water temperature begins to cool. Dissolved oxygen profiles at the deep hole in Birch La
(Figure 6)ndicatd anoxic (no oxygen) in waters greater thaatérs in the month of June and anoxic conditions
below 4meters Juigeptember.

According to Nurnberg (2009), there are indictitatsnternal loading may be a significant source of phosjphorus

both polynictic (mixes frequently) shallow lakes like Big Chetac, and in stratified dimictic (only mixes during sprin
and fall turnover) deep lakes like Birch. Polymictic lakes that show increasing total phosphorus (TP) and dissol\
reactive phosphorus (DRP) thgbout the summer even in upper waters; have turnover or mixing events during the
summer leading to algae blooms and increased tuhaidityghin oxygenated sediment layer, occasional anoxia in
weed beds and in the open water during quiescent con@dgsmorning); and occasional iron, manganese or
reduced gas development during quiescent conditions; all may indicate a lake heavily impacted by internal loa
(Nurnberg, 2009Many of these conditions, if not all haaenbdocumented in past research for Big Chetac Lake.

Stratified lakes like Birch may be impacted by internal loading if there is severe hypolimnion anoxia; increasing TP
DRP with depth profiles; increasing hypolimnetic TP and DRP throughout the ;sepmoemitant iron,
manganese or reduced gas development; and fall turnover the leads to blooms and increa@ddrilmdigjty

2009) At least some of these conditions have been documented in Birch Lake however moreedath ts

confirm that they are happening.

Dissolved oxygen profiling in Birch Lake in 2017 showed anoxic conditions-bedtmis4of depth from July
through September. HistoSecchi disk readings of water clarity sih@average water clarity imyJand August to

be 6.2#t. In September and October the average water clarity is 1ficladg 2t 4.28 suggesting fall algal blooms,
perhaps associated with fall turnover. Water sampling in 2017 at the surface and at the bottom of the Birch Lake
the deep hole found that surface water concentrations of TP decreased from late Jagptemtier. TP in the

bottom waters was 5 to 7 times higher than TP in the surface waters, but showed a significant decline from July
August, then back up again September. Iron in the bottom waters was also measured in 2017 with iron
concentrations near the bottom being 9 to 13 times greater than TP concentrations in the surface waters. Iron w
also significantly less in August than it was in July or Septeuatibemater column profiles (top to bottom) for
phosphorus and iromere completed in 2019 and were used to help estimate the total phosphorus load in Birch Lak
previously in this document.

USING ALUM TO REDUCE INTERNAL LOADING

One method for reducingternal loading in lakes is to chemically seal the sediment in the bottom of the lake so les:s
phosphorus can be released. To do this requires applying a compound that will chemically bind with the availa
phosphorus keeping it in a permanent state \thmnenot be released back into the water column. In the presence

of oxygen, iron is an excellent and natural binding agent for phosphorus. Unfortunately in the absence of oxygen,
chemical bond between iron and phosphorus breaks. In lakes like&igah&irch where the hypolimnion of the

lake goes anoxior much of the seaspimternal loading can bignificant

One nontoxic materi al that has been used with some
aluminum sulfate isok e n down i nto another chemical compound t
floc slowly settles it removasosphorous from the water and collects suspended patrticles in the water and carries
them down to the bottom of the lake. Oncelmbottom the floc forms a layer that acts as a phosphorous barrier
by combining with the phosphorous as it is relelasm the sedimenOnce bound by aluminum sulfate, the
phosphorus cannot be returned to the water column even under anoxic conditions.
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During the discussion phase of the development of this Comp Plan, a lot of concern was expressed related to
impacts of aluminum sulfate on aquatic biota including fish and invertebrates. In a review of literature conducted |
(Gensemer & Playle, 19899y conclude that aquatic invertebrates are not very sensitive to aluminum. Field studies
have generally demonstrated the hardiness of aquatic invertebrates to aluminum, but they may be indirectly affect
their predatorée.g., fish) are influenced by aluminum. Aquatic invertebrates do not biomagnify aluminum. Aluminum
is a gill toxicant to adult fish causing respiratory effects, depending on the acidity of the water and the concentrati
of aluminum they are exposed tespiratory effects predominate at low pH (appr6x.ahd with exposures to
alumnhum concentrations above 50puglhese values pertain to the amount of free aluminum that may persist in the
water, not the aluminum that is bound up in the floc or bottankddl (aluminum hydroxide) that is forntede
aluminum may persist at pH less than 6 or other hydroxides may form at pH greater than 9; although toxicity m:
occur at pH > 8 in some conditions. Both forms may be toxic to aquatic life. As a praetictienae of buffered

alum has mitigated this concern by controlling the pH to acceptable ranges. Indeed, there has been only one repo
case in the United States in recent yeagsewibxicity has been a probl@ALMS, 200% Under proper use
guidelines, alum has not been shown to cause atgrionggative impacts to aquatic life.

The biggest problem is determining how much alum to use, and trying to establish how long the alum treatment
be effectiveMultiple facbrs can positively (oegatively) affect longevityimproved water quality after Al addition

to reduce internal &cling. Water residence time, water column stability, and the

relative magnitude of internal to external P loads can all affpetdbieed effectiveness of internal P loading
managemer{Huser, et al., 201%) order to determine factors related to longevity of wasdity improvement in
Al-treated lake$juse et al. examinetll4 lakepreviously treateditlv Al to reduce internal P loading from the
sedimentTheir research indicated that the most important factors affecting the longevity of an alum treatment
explaining 82% of the variation, included the amount of alum used (appropriate dosage), ébeavestdskake

area ratio (the size of the land draining to a lake verses the size of the lake itself), and lake morphology (size, st
depth, etc.). Moderate to high densities of bottom feeding fish negatively affected longevity. Their resshrch indica
that longevity in shallow lakes was less, but the depth of the lake only explained about 3% of the variation. For all
the lakes they looked at, treatment longevity based on declines in epilimnetic (surface water) TP averaged 11 y
Significant dférences in treatment longevity between deeper, stratified lakes (mean 21 years) and shallow polymic
lakes (mean 5.7 years) were det@dtexer, et al., 2019)here was not enough data in any of the lakes included in
this study to determine the impact of disturbance of the sediment caused by boats on the longevity of an alu
treatment.

BIG CHETAC LAKE ALUM STUDY

In 2013, Bill James and the University of Wiscor&tiaut Discovery Center completgldosphorus budget analysis

and alum dosage estimation for Big Chetac Lake. The resulting report concluded that internal loading is indee
significant source of phosphorus to the lake, and overall, the North basin represented the greatest internal P loac
contribution in conjurion with the highest anoxic factor and a longest period of stratification and bottom water
anoxia. By contrast, the Central and South basin internal P loading contributions were much lowewyitoinciding
more intermittent stratification, lower anoxitdiavalues, and much shorter periods of bottom water anoxia. Despite
the higher amounts of phosphorus being released in the North basin, the summer mean concentrations
phosphorus were similar in each basin suggesting a great deal of water mighmangedeiveen the three basins
(James, 2013)

The report also concluded that an application of alum could significantly reduce internal loading if applied to water
the North basin, and by doing so relatively uniform fedadh surface water TP, a potential 60% decline in mean
summer chlorophyll concentrations (a measure of the amount of algae in the water), and an increase in water clari
measured by a Secchi disk, to neaetér. It should be noted, that the avesagnmer (July & August) water clarity
lakewide as recorded by volunteers througltN is 3.06ft. An increase to-theter would only add about a
guarter foot or 3 inches to the average summer water clarity. While this does not sound like suexpitdseal
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that severe algae blooms which occur about 73% of the time during the summer would be reduced to approximat
18% of the timéJames, 2013)

An Al dosage of 135g/m&as chosen for treatment for the North basiBigfChetac Lak&his amount equates to

about 19.77g/m3, which is higher than the maximum allowable concentration in Big Chetac L-d250fhG.0
Maximum concentration is defined as that dose which reduces pH to 6, a pH favorable for forming insoluble
aluminum hydroxide and for assuring that the dissolved (free) aluminum remains below potentially toxit
concentration§Cooke & Kennedy, 198To account for this the alum would be applied over the course of 2 or 3
years likglwith a buffer added to make sure pH remained at or al8»airient areas located at depthsftad

an additional sediment area encompassing deptfts(Bithre 16) were recommended for treatment. These areas,
totaling about 462 acres in the ndrdlsin were chosen because they were exposed to anoxia and, thus, had a higt
potential for anaerobic P release from sediments. The total estimated cost, including a generic setup fee, for
application of Al was ~$1,720,00@¢Bénes, 2013)

Figure 16 Location of the proposed aluminum sulfate treatment area in the Northasin of Big Chetac Lake

ALUM IN BIRCH LAKE

The nutrient budget and alum dosage study completed in 2013 only included Big @hetée lgeneral
assumption has been that if improvements were made in Big Chetac Lake that these improvements would tric
down to Birch and Little Birch Lakes. However, if Birch Lake is suffering from its own internabitiimgore

recent data seems suggestthen this assumption may be incorrect, or at least only part of the picture that is
impacting Birch Lake. More needs to be done to determine how water movement from Big Chetac into Birch Lak
i mpacts Birch Lakef6s water quality.
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Some initialvater quality data collected in 2017, indicated that phosphorus levels in water coming from Big Chete
into Birch Lake was higher than the surface water phosphorus levels in Birch Lake itself. Furthermore, th
phosphorus levels in water going out oveddine was even less suggesting that Birch Lake is acting as a phosphorus
sink, pulling phosphorus from the water coming from Big Chetac. This may be occurring during fall turnover whei
the surface and bottom waters in Birch Lake begin to mix. Iron and gwhesgéita collected from the bottom
waters of Birch Lake between late July andegittmber 2017 showed a ratio of iron to phosphorus between 9 and
13 to 1. Duringfall turnover when oxygen is present, ii®rmavailable in the water column that lwad wth
phosphorus The question i s, i s there eimeonalpdd ofiphosphorus and b i n
with additional phosphorus comindgrom Big Qetac.

One of the critedn that is used to determine the possible longevity of artrahtment done to improve water

guality is external sources of P to the lake. In the case of Birch Lake, there appears to be significant phospho
coming into and staying in the lake from Big Chetac. But it also appears that internal loading cdicththe sign
impacting Birch Lake, so a combined approach to curb external sources of P into Birch Lake and control of th
internal load of P may be needed to make improvements. Meaning that Birch Lake needs to be considered its o
management entity rathleam just assuming that what happens in Big Chetac will make Birch better.

CONSTITUENT REACTION TO APPLICATION OF AL UM

While research indicates that the application of alum could help maintain or improve Big Chetac Lake, and
additional research wereiridicate application in Birch Lake could also help, there is a great deal of undecidednes:
and some opposition to its use. Probably most of the controversy is over the cost of implementing an alur
application. In Big Chetac Lake alone, the estimated epgiication exceeds $1.7 million. Even if the application
was spaced out over two or more years, the cost would still be over $500,000.00 annually. There are lake protec
grants available from the WDNR that could cover up to $200,000.00 annuhksebstill fall far short of the
estimated cost.

The general constituency still has a lot of questions related to the application of alum to the North basin of Bi
Chetac Lake or any other part of the lake system. How long would it last? What indpatiawewn Birch, Little

Birch, and other downstream waters? What impact would it have on the fishery? How clear would the water ge
Would the increase in water clarity create better conditions to support aquatic plant growth? In order to answer the
and other questions, the BCABLA needs to spend more time researching them and then taking its findings to tt
public for input. It is clear that there would have to bénbfugm many local stakeholders including the BCABLA
constituency, local towns, \gkaof Birchwood, local sporting and fishing clubs, and the businesses that benefit from
the lake system in order to make tlgie tf management action happen.
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AQUATIC PLANTS IN Bl G CHETAC, BIRCH, AND LITTLE BIRCH LAKES

BIG CHETAC LAKE

Wh e n QGettingRidoof theGr e end proj ect started in 2007, one of
the aquatic plant community. Aquatic plants are the foundation of a healthy lake system. Because of this, plants
one of the bes toveralehaadthu lt veas welb Knowa at the tkne fhat that there was GL&tiof

the system, buiot much was known about other native aquatic fla2808 a wholtake, poinintercept, aquatic

plant survey of Big Chetac Lake was completed usingairg7grid created by the WDNR. This grid was used in
2008 to establish ageline of aquatic vegetatowlin 2014, to compare changes being brought about by the use of
aquatic herbicides to control ClAgain in 2017t was usetb see how native adugplants were recovering in the

lake.

In 2014, the aquatic plant survey of the entire lake was in response to CLP chemical treatment in 2013 and 2014
left fewer aquatic plaritsan expecteth Big Chetac Lake, particularly in the Central and hasths. Plant survey

results from 2014, showed a decline in native aquatic vegetation, but this was not entirely due to chemical treatmer
90 acres of CLP in the North basin. Ice out in the spring of 2014 was very late, with most lakes hoklinigeonto th
until after the Wisconsin fishing opener the first weekend in May. The spring of 2014 was cool and lasted a long tin
further slowing the growth of native aquatic plants in Big Chetac Lake.

At the time of the 2017 survey, Secchi disc readirgiwiee 23ft range. This very poor water clarity produced a
littoral zone that extended to 11.5ft and included 352 survey points of which 201 had vegetation (20.7% of the la
bottom and 57.1% of the littoral zone). Although this was a highlyaiguiéicline from 2014 when plants were
found growing to 14.5ft (493 littoral points), it represented a moderately significant increase from the 148 points wi
vegetation found during that survey (15.3% of the lake bottom and 30.0% of the littordie@0d), Values also
represented a near return to vegetation levels seen in 2008 when plants were found growing at 269 points within
then 12.5ft littoral zone (27.7% of the bottom/68.6% of the littoral zone). In addition to the reqmiaty imith
vegetationit was found that the mean and median depth of plant growth also increased from 5.4ft/5.0ft in 2014 to
5.9ft/ 6.0ft in 2017. This relatively uniform growth in the depth/colonization of the plant community was nearly
identical to what was firdbserved in 2008 when the mean/median was also 5.9ft/6.0ft.

Table9 is a brief comparison of the statistics from each of the-\kelpoinintercept surveys completed in Big
Chetac Lake.
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Table 9: Comparison of 2008, 2014, and1Zpoint-intercept aquatic plant surveydata

Summary Statistics: 2008 2014 2017
Total number of points sampled 970 a70 970
Total number of sites with vegetation 269 148 201
Total number of sites shallower than the maximum depth of plants 392 493 352
Frequency of occurrence at sites shallower than maximum depth of plants 68.6 30.0 37.1
Simpson Diversity Index 0.90 0.93 0.93
Maximum depth of plants (ft) 12.5 145 11.5
Mean depth of plants (ft) 59 54 59
Median depth of plants (ft) 6.0 5.0 6.0
Average number of all species per site (shallower than max depth) 1.88 0.80 1.54
Average number of all species per site (veg. sites onlv) 274 2.68 2.70
Average number of native species per site (shallower than max depth) 1.55 0.69 1.50
Average number of native species per site (sites with native veg. only) 249 271 2.69
Species richness 35 39 39
Species richness (including visuals) 40 42 45
Species richness (including visuals and boat survey) 46 48 32
Mean total rake fullness (veg. sites only) 202 184 1.74

Overall diversity in Big Chetac Lake was again exceptionally high and almost unchanged from the previous survey:
2008, the Simpson Index value was 0.90; ticked up to 0.93 in 2014; and remaindillthef@vierall richness was
moderate and also little changed as 35 species were found in the rake in 2008, 39 in 2014, and 39 in 2017. W
including visuals and the boat survey, these numbers jumped to 46/48/52 respectively. Localized richness, af
increasing from 2.49 native species/site with native vegetation in 2008 to 2.71/site in 2014, experienced a no
significant decline to 2.69/site in 2017 (Figdye. As i n previous surveys, the b
the creek inlets, in theerbicide control bay west of the main public boat landing, and in the Bullperi§Figure
While there is no specific water clarity data to support, the reason for more aquatic plant diversity in these area:
thought to be better water claatythe imet of Benson, Heron, Knuteson, and Malviney creeks. The west bay is also
one of the largest, shall@wter bays in the entire lake, providing greater habitat for aquatic plant growth.
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Figure 17 Native specieérichness @iversty) in Big Chetac Lake, 2008, 2014, & 2017
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Garbutt
Island

Figure 18 Locations in Big Chetac Lake

The estimated 2008 baseline mean rake fullness at sites with vegetation was a moderate 2.02. It fell to a low/mode
1.84in2014andtolirdhr 2017. This further decline wasndot sign
deep water points as plants reestablish in thesé-igna@d9 is a visual representation of rake fullness as it changed
from 2008 to 2017The rake fuless value is a measure of plant density based3scalé related to how much
vegetation is pulled from the lake at each sample point Z8gure
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Figure 19 Total rakefullness (density) in Big Chetac Lake, 2008, 2014, a2(@fl7

hl| Page



Rating Coverage Description

BAL11EAYYY 1))
] %7‘%&.‘ A few plants on rake head
Addih s Ak s :
;‘w ) Rake head is about ¥ full
2 Can easily see top of rake head

3 4 Overflowing
Cannot see top of rake head

=Y

Figure 20 Visualization of rake fullnessvalues from thewhole-lake, point-intercept aquatic plant survey

From 2008 to 2014, ten species and filamentous algae experienced significant changes in distribution edl of which v
declines. Specificaltyrly-leaf pondweedmall pondweedpoontail, filamentous algdkatstem pondweedorked
duckweed, and Friesd pondwe dain pesndweédesanea motleraigii significant g n
decline; andmall duckwed,large duckweed, anthite water crowfoot egpienced significant declindsthe time

it was noted that most of the species that experienced the biggest contractions in range were either species that
growing early in the spring prior to herlgi@gplicationc(rly-leaf pondweedmall pondweed|atstem pondweed,

and Fries® pondweed) or coontisandeim pdndweedf@onverselytsgecies that v e
primarily use seeds, spores, rhizomes, or talesde( naiadyild celerywhite-water lily nitella,sago pondweed,
spatterdock, andaspingeaf pondweed) tended to be almost unchanged in their distribution.

By 2017, many species that had shown dramatic declines in 2014 were beginning to recover. Twelve species
filamentous algae saw significant changes, and all but one of those was an increase. Filamigaitstesnalgae,
pondweednitella, forked duckweedjorthern watemilfoil, common waterweed, amduskgrass populations all
benefited from highly significantcieases in distributiosmall pondweed andhite water crowfoot enjoyed
moderately significant increasescand nt ai | , Fr i vaerGtagrasshddsigrefidant inereaskes.

Small pondweed was one of the plant species most impacted by #red 213 chemical treatment of CLP. In

2008, it was the most widely distributed native species found at 130 sites with a mean rake of 1.41. Although the 2
survey found it suffering a highly significant decline in range to 37 points, its meameszkeffal46 was nearly
unchanged. In 2017, a moderately significant inaredistribution was documentétdiowever, it also suffered a

highly significant decline in mean rake fullness to 1.08. This may be because most rake samples in the northern
of the lake that contained this species had one or two individual stems. Visual analysis of the maps showed |
species also declined in the southern half of thig-lgkes21).
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Figure 21 Distributidn and density of small pcndweéd in Big Chetac Lake

The Floristic Quality Index (FQI) measures the i
species in the index are assigned a Coefficient of Conservatism (C) which rand€s froenhigher the value
assiged, the more likely the plant is to be negatively impacted by human activities relating to water quality or habi
modifications. Plants with low values are tolerant of human habitat modifications, and they often exploit thes
changes to the point whehey may crowd out other species. The FQI is calculated by averaging the conservatisir
value for each native index species found in the lake during thet@aapt survey, and multiplying it by the square

root of the total number of plant species (Nhénlake. Statistically speaking, the higher the index value, the healthier
the | akeds aquatic pl a(Nichol; d98Qjdantified fgpur eceegionassirs Wiseendin: t o
Northern Lakes and Forests, North Calnitlardwood Forests, Driftless Area andi&astern Wisconsin Till Plain.

He recommended making comparisons of | akes within e
health. Big Chetac Lake is in the Northern Lakes and Foresigidtor

mp

In 2008, 34 native index species were identified on the rake during {inéepodpt survey. They produced a mean
Coefficient of Conservatism (C) of 6.0 and a Floristic Quality Index (FQI) of 34.8. The 2014 survepdtvad 37
index plant®nthe rake during the poinntercept survey. They produced a mean C of 5.9 and a FQI®b8Hh 8

of these values were nearly identical to the 2008 survey. During the 2017 survey, a total of 39 native index spe
were identifiech the rake. They pdaced a mean C of 6.0 and a FQI of 37.3. Each of these values represented an
increase over the 2014 survey again suggesting the aquatic plant community in Big Chetac Lake is recovering

WILD RICE

Wild rice, a plant of significant wildlife and culturakyé@ present in scattered patches along the creek inlets in the
Bullpen (Figur@2). Most areas support only low to moderate density plants, and no areas have ever been mappe
that were big enough or dense enough that they wiargrofitable human haest.Outside of this area, wild rice

has never been observed growing anywhere else in the system.

The 2008 survey found a bed of rice in the nearly inaccessible bay south of the Malviney Creek inlet that w
moderate to high density. The only two syveeys in the lake with rice occurred here, and each had a rake fullness
of 3. This shallow bay still had rice in 2014 and 2017, but the area has largely been taken over by water lilies
cattail{Figure23). In 2014 and 2017, wild rice was foundraetipoints, but each sample consisted of a single plant

so the mean rake fullness was 1.00 for each @tigueg24).
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Figure 22 Panorama ofnorthern wild rice in Malviney Creekinlet facing northwest into the Bullpend
7128/17 (Berg M. S., 2017a)

Figure 23 Rice remnants inbayssouthwest of Malviney Creeknlet 8 7/28/17 (Berg M. S., 2017a)

Figure 24 2008, 2014nd 201 horthern wild rice density anddistribution
Given the limited amount of wild rice in the system, it is likely that it will never increase to a harvestable amour

However, seeding of wilite could be discusseith GLIFWC and St. Croix TribakBources. The implication of
wild rice on management of other aquatic plants in the system is simply one of not being able to chemically treat
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